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Abstract   Cervical cancer is caused by persistent infection with certain genotypes of human papillomavirus (HPV). It is a significant public health problem among women in South America where some of the highest incidence rates in the world are observed. The International Agency for Research on Cancer (IARC) estimates the crude incidence and mortality of cervical cancer in South America to be 24.6 and 11.2 per 100,000 women respectively (IARC 2008). Both incidence and mortality are approximately two times higher than the rates in developed countries such as the United States. Also contributing to the seriousness of this problem is the fact that epidemiological studies suggest that incidence and mortality from cervical cancer are projected to increase in South America by 2020 (Agurto, Bishop, Sanchez, Betancourt & Robles 2004).   The purpose of this paper is to review the most current available information on cervical cancer in South American countries and summarize the methods and performance of existing screening programs. This information will be used to identify promising strategies, such as new screening methods and HPV vaccination, that are being researched or utilized in other low resource settings and could potentially be implemented in South America.   Data were collected by performing a MEDLINE search of papers published from January 2000 through December 2010. This research documented the high prevalence of HPV infection and a lack of well‐organized screening programs, which are responsible for the high burden of cervical cancer in South America. It also documented the absence or poor quality of information and surveillance systems in 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most South American countries, which makes collection of data, patient follow‐up, and program monitoring and evaluation difficult. Also important, some variation in these patterns was observed among South American countries. For example, though both could be improved upon, the screening programs in Chile and Colombia have resulted in modest reductions in incidence and/or mortality and can serve as a model for the rest of South America.   This research has led to the following recommendations to reduce cervical cancer incidence and mortality in South America. South American countries with screening programs already in place should continue to support screening, though revisions will be necessary. In countries without screening programs, it is advised that policy makers consider initiating a screening program for women at high risk of cervical cancer. In both instances, it is recommended that screening occur in conjunction with vaccination of adolescent girls and women who are not yet sexually active. Policy makers are urged to seek out resources to carry out all of the above, including maximizing the use of vaccine subsidies that are available. 
 
Introduction Eighty five percent of cervical cancer occurs in developing countries, leading the global health community to increase its attention to these areas (Ferlay et al. 2008). It is a significant public health problem among women in South America where some of the highest incidence rates are observed. The International Agency for Research on Cancer (IARC) estimates the crude incidence and mortality of cervical cancer in South America to be 24.6 and 11.2 per 100,000 women 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respectively (IARC 2008). Both incidence and mortality are approximately two times higher that the rates in developed countries such as the United States. Epidemiological studies suggest than incidence and mortality from cervical cancer are projected to increase in South America by 2020 (Agurto, Bishop, Sanchez, Betancourt & Robles 2004).   It is well established that cervical cancer is caused by persistent infection with one or more of approximately 15 oncogenic (high‐risk) types of human papillomavirus (HPV) (Lewis 2004; Arrossi, Ramos, Paolino & Sankaranarayanan 2008; Brown et al. 2009). Persistent HPV infection promotes cellular changes that result in the occurrence of precancerous lesions and, eventually, invasive cancer. The association of high‐risk HPV types and cervical cancer is causal in nature.   The objective of secondary prevention of cervical cancer is to reduce the incidence of and mortality from the disease by detecting and treating pre‐cancerous cervical lesions before they progress to invasive cancer (Eluf‐Neto & Nascimento 2001). To be effective, a cervical cancer prevention program must be organized and structured to address a number of issues including the coverage and quality of the early detection screening services and the availability of prompt, reliable and affordable diagnosis, treatment and follow‐up care (Lewis 2004 & Murillo et al. 2008). Cervical screening coverage refers to the number of women who have a screening test within the recommended interval as a proportion of all women who are eligible to attend for screening (Castellsague et al. 2007). Screening program quality depends largely upon the screening method utilized (ideally one of high sensitivity and specificity) and how samples are collected, prepared and interpreted. 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The three most commonly utilized cervical cancer screening methods are cervical cytology, visual inspection and HPV DNA testing (Table 1).  Currently, there are no international guidelines for cervical cancer screening. Introduced as early as the 1960s in South America (Murillo et al. 2008), cervical cytology is the most common screening method utilized in South American countries, though the quality and uneven distribution of screening constitutes a major deficiency in cervical cancer prevention programs (Lewis 2004). Though numerous South American countries have implemented prevention programs utilizing cervical cytology, with few exceptions they have been unable to reduce the burden of cervical cancer. This is primarily due to “sub‐optimal cytology testing, lack of quality assurance, poor coverage of women at risk, and inadequate follow‐up of screen positive women” (Sankaranarayanan 2006). A disadvantage of cytologic screening is that it is resource intensive and difficult to utilize in many South American countries that have limited resources.     Visual inspection with acetic acid (VIA) has been found to have sensitivity similar to that of cytology for detecting pre‐malignant cervical lesions though specificity is lower (IARC 2005). Visual inspection with Lugol’s iodine (VILI) showed better sensitivity and potentially better reproducibility in one large study (IARC 2005). There is growing interest around utilization of VIA in low resource settings due to its low cost, short training period required of personnel, lower level of infrastructure requirements, and immediate test results that allow same visit treatment. VIA/VILI methods are subjective and currently have no universally 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accepted definitions of test results, though IARC has published a handbook on interpretation of findings. HPVs are designated by alphanumeric characters according to their genotype and are separated into high‐, moderate‐ or low‐risk types, depending on their oncogenic potential (Ranst, Kaplan & Burk 1992). HPV DNA testing detects the high‐risk HPV types associated with cervical cancer and may be more easily adapted for clinical practice than conventional cytology. HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68 are most commonly tested for, though types 16 and 18 cause the majority of cervical cancers (70%) (Sankaranarayanan 2006). Low risk types are not typically tested for as they are not cancer causing, however they can contribute to co‐infection with HPV and other sexually transmitted infections. Research on HPV DNA testing is ongoing to assess the diagnostic reproducibility and ability to reliably aid in the detection of cervical cancer precursors and not merely HPV. This method of testing is more expensive than other screening tests; requires laboratory infrastructure, water and electricity; and produces results in over six hours (Sankaranarayanan 2006).  A promising new rapid HPV DNA test designed for use in low‐resource settings is currently undergoing clinical trials and demonstration projects in multiple countries of the developing world and is expected to be available for use in developing countries by 2012 (Qiao et al. 2008). The new test requires no running water nor electricity, can be performed by health workers with basic training, and can produce test results in less than three hours (Qiao et al. 2008). According to the 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manufacturer’s website (Qiagen n.d.), Governments and NGOs intending to implement large‐scale screening programs will be able to apply for reduced pricing. Due to the recent development of two HPV vaccines, primary prevention is also available. Licensed in over 100 countries worldwide, the vaccines are highly immunogenic, well tolerated and represent an important opportunity to reduce the burden of cervical cancer disease (Cervical Cancer Action Coalition 2010). Clinical trials have demonstrated that both vaccines are at least 95% effective in preventing persistent infection and at least 93% effective in preventing cervical lesions caused by HPV types 16 and 18 when administered to girls prior to infection with those HPV types (Cervical Cancer Action Coalition 2010). “The WHO recommends that routine HPV vaccination be included in national immunization programs based on the following key considerations: • Prevention of cervical cancer or other HPV‐related diseases, or both, constitutes    a public health priority;   • Vaccine introduction is programmatically feasible;   • Sustainable financing can be secured;   • The cost‐effectiveness of vaccination strategies in the country or region is    considered; and  • HPV vaccination is targeted to adolescent girls prior to sexual debut” (World    Health Organization 2009).   Though at least one of the HPV vaccines is available in all but three South American countries (French Guiana, Paraguay and Venezuela), no countries report national level introduction according the IARC. 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 The purpose of this paper is to review the most current available information on HPV and cervical cancer in South American countries and summarize the methods and performance of existing screening programs.  This information will be used to identify promising strategies that are being researched or utilized in other low resource settings that could potentially be implemented in South America.  
 
Methods I conducted a search in MEDLINE (Medical Literature Analysis and Retrieval System Online) database, looking for articles published in English from January 1999 through December 2010 using the following search terms in combination with South America and all South American country names: cervical cancer, human papillomavirus, HPV, incidence, prevalence, mortality, screening, prevention, strategies, intervention, testing, program. I’ve included in this review data on HPV prevalence, predominant HPV types, annual number of cases of cervical cancer and deaths due to cervical cancer, crude and age‐standardized (ASR) incidence rates of cervical cancer, crude and ASR incidence rates of mortality due to cervical cancer, and relative ranking of cervical cancer incidence and mortality to other cancers for all countries of South America where available.  Reports from World Health Organization (WHO), International Agency for Research on Cancer (IARC), Institut Català d'Oncologia, and Pan American Health Organization (PAHO) were also reviewed. The most current and frequently utilized source for incidence and mortality information in the literature was IARC’s GLOBOCAN project. 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GLOBOCAN 2008 presents age‐standardized (to the World Standard Population 1960) estimates for the year 2008. Although the populations of the various countries are those estimated for the middle of 2008, the disease rates are not those for the year 2008, but from the most recent data available, generally two to five years earlier. The degree of delay in the available data was taken into account by computing predictions of the national incidence and mortality rates for the year 2008, wherever possible (IARC 2005). The world standard population used in GLOBOCAN 2008 to calculate incidence and mortality ASR is as proposed by Segi and modified by Doll et al., calculated using 10 age‐groups (Ferlay et al. 2008). The IARC bases its relative ranking of cervical cancer incidence and mortality on crude incidence and mortality rates. The relative ranking is used to compare disease rates among South American countries, to developing and developed regions of the world, and to the world. Incidence statistics from GLOBOCAN 2008 presented later in the Results section (Table 4) are derived from population‐based cancer registries. Though the quality of information for many South American countries may be suboptimal, often relying on modeling or averaging of data, “it often remains the only relatively unbiased source of information available on the profile of cancer” (IARC 2005). Incidence estimation methods utilized in the GLOBOCAN 2008 database vary by country according to what data are available, and for most South American countries estimates cover sub‐national areas. For Argentina, Brazil, Chile, Colombia, Ecuador, Guyana, Paraguay, Peru, Suriname, Uruguay and Venezuela national incidence was estimated from national mortality estimates for 2008 by modeling, 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using a set of age‐, sex‐ and site‐specific incidence mortality ratios obtained by the aggregation of recorded cancer registry data from cities exclusively within the country (Brazil, Colombia) or combined with representative cities from other South American countries (Argentina, Chile, Ecuador, Guyana, Paraguay, Peru, Suriname, Uruguay and Venezuela). Incidence data for Bolivia was calculated by taking a simple average of incidence rates from the country’s capital city (La Paz) and the nations of Ecuador and Peru. Incidence data for French Guiana were calculated using incidence rates from three to five years prior. Mortality statistics in Table 4 are estimated from previous rates collected by WHO, providing national coverage and long‐term availability, though quality of data are dependent on that of the national registration systems. For most countries, national mortality rates for 2008 were projected from past years (Argentina, 1997‐2006; Brazil, 2003‐2005; Chile, 1997‐2005; Colombia, 2005‐2006; Ecuador, 2005‐2006; Paraguay, 2005‐2006; Peru, 1999‐2000; Suriname, 2004‐2005; Uruguay, 2004; Venezuela, 2005‐2006). For Bolivia, the number of cervical cancer deaths in 2008 is estimated from incidence estimates and site‐specific survival using the GDP method. For French Guiana and Guyana, mortality rates from previous years corrected for ill‐defined causes of death or under‐reporting were applied to the 2008 population. 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Results 
HPV Infection The highest rates of HPV infection are seen in Argentina, Paraguay and Guyana, the lowest in Chile and Peru. The most frequently detected HPV types across all of South America are 16 and 18. Table 2 also illustrates the absence of HPV prevalence and type distribution data in Bolivia, French Guiana, Suriname, Uruguay and Venezuela. The high prevalence of oncogenic HPV infection combined with a lack of effective screening programs are responsible for the high burden of cervical cancer in much of South America (Sankaranarayanan, Budukh & Rajkumar 2001). The estimated proportion of women in the general population with a cervical HPV infection at a given time is compiled from IARC data published by the WHO/ICO and two retrospective analysis studies conducted by Kightlinger et al. and Brown et al. (Table 2). Data are derived from official reports by the WHO, United Nations, The World Bank, IARC GLOBOCAN 2008, and published literature. Sample sizes tend to be small, but the statistics provide at least some reference to the HPV types that are prevalent and show the high rate of HPV infection (> 10%) present in all of the countries for which data are available.   
 
Screening Cytology‐based screening programs have been the mainstay of cervical cancer prevention throughout the world since the early 1960s, and health services in South America similarly began offering screening services with cervical cytology at this time (Sankaranarayanan 2006). This occurred primarily through family‐
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planning services, though later was expanded in some countries into primary health care (IARC 2005). Most South American countries have not achieved well‐organized screening programs, offering opportunistic screening mainly in urban areas through public family planning and reproductive health care facilities (Murillo et al. 2008). Rural and indigenous populations are often excluded. These factors contribute to poor program performance and an overall lack of participation. Cytological screening requires a high level of infrastructure, monitoring and training and requires follow‐up for treatment. Table 3 presents a summary of cervical cancer screening programs, policies and associated characteristics for all countries in South America. Screening policy age range and target population vary across countries, though most programs recommend screening every three years. Decreases in incidence and/or mortality have been observed in Chile and Colombia where nationally organized screening programs have been in place for at least 15 years (Suarez & Prieto 2006; Roa et al. 2009). Assessment of participation in cytological screening is only available through surveys, as country‐wide population registries are lacking. Ecuador and Paraguay report high participation (72.2% and 73.2%, respectively). This is largely due to family‐planning programs in their primary health‐care infrastructure in Ecuador (IARC 2005). Murillo et al. report program implementation began in Paraguay in 2002 at health care centers and hospitals, with surprisingly high participation reported by the Ministry of Health that same year (2008). Data are particularly lacking for smaller countries (Bolivia, French Guiana, Guyana, Suriname, Venezuela). Participation rates in Table 3 are estimated through surveys of a wide range of 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populations, therefore national data cannot be assumed to be representative nor is it comparable from country to country. Only Chile’s screening coverage data was based on estimates from a national screening program.   
Cervical Cancer Incidence and Mortality Incidence rates of cervical cancer vary widely among countries within South America (Table 4). Guyanese women suffer from the highest incidence rate (ASR of 44.7 per 100,000 women), with Bolivia (ASR of 36.4 per 100,000 women), Paraguay (ASR of 35.0 per 100,000 women) and Peru (ASR of 34.5 per 100,000 women) following. Women in Chile have the lowest incidence rate of cervical cancer (ASR of 14.4 per 100,000 women), though still much greater than what is seen in the developed world. Similarly, mortality rates due to cervical cancer in South America are high compared to most other regions in the world. With a mortality rate nearly seven times greater than the developed world, Guyana is at the top of the list again (ASR of 20.5 per 100,000 women). Bolivia (ASR of 16.7 per 100,000 women), Paraguay (ASR of 16.6 per 100,000 women) and Peru (ASR of 16.3 per 100,000 women) once again follow. Women in Chile have the lowest mortality rate (ASR of 6.6 per 100,000 women), though still twice that experienced in the developed world (ASR of 3.2 per 100,000 women). 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Relative Ranking The relative incidence and mortality of cervical cancer are determined by comparing cervical cancer to other cancers that affect women in each country. For the world as a whole (all countries combined), the relative ranking of cervical cancer to other cancers is third for incidence and fourth for mortality. The relative ranking of cervical cancer incidence to other cancers is higher for 10 out of 13 South American countries than for the World when looking at all women, 8 out of 13 for women 15‐44 years. The relative ranking of cervical cancer mortality is higher for 10 out of 13 South American countries than for the World when looking at all women, 11 out of 13 for women 15‐44 years. The only exceptions across all categories are Argentina and Uruguay. 
 
Discussion 
Data and Information Systems The absence or poor quality of surveillance systems in most South American countries for cervical cancer poses a significant problem, making collection of consistent disease data difficult. Inadequate information systems preclude effective patient follow‐up, impact evaluation, ongoing assessment of coverage and reliable program monitoring (Lewis 2004). The most reliable sources of cervical cancer estimates are available from IARC (GLOBOCAN) and WHO, though they produce different estimates of the cancer burden. WHO produces estimates of the burden of disease using mortality data as the first source of information together with modeling procedures. IARC uses cancer registry data as the first source of 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information: when necessary, mortality is derived from incidence estimates and survival probabilities (IARC 2005). The development of efficient and integrated surveillance systems at the national and subnational levels will be imperative to accurately estimate disease burden, shape cervical cancer screening program policies and measure impact of prevention and treatment programs.  
High Burden of Disease Despite poor data and surveillance systems, it is clear that the burden of cervical cancer is high in South America. The incidence ASR in South America is 24.1 per 100,000 compared to 9.0 in the developed world.  Similarly, the mortality ASR in South America is 10.8 per 100,000 compared to 3.2 in the developed world where access to cervical cancer screening is more widely available (Ferlay et al. 2008). Variation in incidence among South American countries is large, ranging from 17.4 in Chile to 43.3 per 100,000 women per year in Guyana (Bosch et al. 2010). Mortality rates also vary greatly, ranging from 8.5 in Chile to 19.9 per 100,000 women per year in Guyana (Bosch et al. 2010). In South America, national screening rates range from 22.7% (Peru) to 73.2% (Paraguay) (Murillo et al. 2008).  IARC reports Peru with the lowest HPV infection rate at 7.5% and Paraguay with the second highest rate of HPV prevalence at 19.8%. Persistent infection with HPV is a concern, as HPV is detected in nearly 100% of cervical cancers. However, majority of HPV infections are subclinical and transparent, hence cervical cancer incidence and mortality rates better reflect HPV disease burden. 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Effectiveness of Current Screening Programs Many of the South American countries demonstrate that the presence of and level of participation in a national screening program are associated with the observed cervical cancer incidence and mortality rates. Chile, the country with the lowest incidence (ASR of 14.4 per 100,000) and mortality (ASR of 6.6 per 100,000) rates in South America, launched an organized national screening program in 1994 that reports a national screening rate of 66%. The program mandates cytology screening of women 25‐64 years every three years (Murillo et al. 2008). The Ministry of Health supervises the information system managed and utilized by municipalities to identify, trace and follow‐up patients (Murillo et al. 2008). Though Uruguay does not have a national screening program, it is reported to have a national screening rate as high as 55.2%. Similar to Chile, Uruguay exhibits low incidence (ASR of 16.5 per 100,00) and mortality (ASR of 6.8). Colombia has had a national screening program in place since 1991, reports a national screening rate of 50.6% and experiences relatively low incidence (ASR of 21.5) and mortality (ASR of 10.0) as well. By comparison, the country with the highest rates of incidence (ASR of 44.7) and mortality (ASR of 20.5), Guyana, and has no organized screening program.  It becomes apparent that there is a need in most South American countries for the design and implementation of organized, national prevention programs.  
Successful Screening Programs in South America The U.S. Census Bureau estimates Colombia’s 2011 life expectancy at birth at 78 years with an infant mortality rate of 16 per 1,000 births and an overall crude 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death rate of 5 per 1,000 population (2011). In Colombia, the public health system and private organizations have been offering cytology screening since the 1970s. A five‐year national cervical cancer program was launched in 1990 to provide Pap smears to over 60% of women 25‐69 years of age (Sankaranarayanan, Budukh & Rajkumar 2001). Over 4,000 nurses, 40 gynecologists and 36 pathologists received training through the program and extensive community information and education campaigns were initiated (Sankaranarayanan, Budukh & Rajkumar 2001). Health sector reform in the mid 1990s privatized and decentralized the delivery of health care, but legislation ensured preventive care including cervical cancer screening (IARC 2005). Improvements in nationwide quality and coverage of screening and a decrease in the incidence of cervical cancer has occurred in the city of Cali, but similar effects for all of Colombia have not been documented (IARC 2005). Despite screening program efforts, numerous studies report either unchanged or insignificant reductions in Colombian cervical cancer mortality rates (Sankaranarayanan, Budukh & Rajkumar 2001; Choconta‐Piraquive, Alvis‐Guzman & Hoz‐Restrepo 2010; IARC 2005).  Chile’s 2011 life expectancy at birth is also 78 years with a lower infant mortality rate of 7 per 1,000 births and an overall crude death rate of 6 per 1,000 population (U.S. Census Bureau 2011). With support from PAHO, the Chilean Ministry of Health began its first efforts to prevent cervical cancer in 1966 through a Cervical Cancer Program (CCP) that resulted in the creation of the first cytology laboratories and professional training programs that addressed screening, diagnosis, early and late stage treatment and surgery (Suarez & Prieto 2006). 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Offering cytological screening yearly to women already receiving health care through the Maternal and Perinatal Program, the CCP was arbitrary and oriented toward a low‐risk segment of women (Suarez & Prieto 2006). Based upon analysis of evidence from this early initiative, in 1987 Chile’s Cancer Division strategically reorganized the CCP with a focus on improving follow‐up of women screened positive and involving all public laboratories involved in the program in a quality assurance system (IARC 2005; Suarez & Prieto 2006). Initially applied as a five‐year pilot program in the city of Santiago, in 1993 the CCP became nationwide.   As it is currently organized, the program is centrally supervised by the Ministry of Health, but managed by each health region. Screening and treatment occur across three levels of health care.  The first level consists of 1700 urban and rural primary health clinics where midwives perform nearly all (92%) Pap smears and are sent to one of 21 cytology laboratories located all over the country (Suarez & Prieto 2006). All patients are notified of results. Patients receiving positive results are referred to one of 42 cervical pathology units located in facilities that correspond to the second level of health care usually in/near a hospital where further evaluation and diagnosis occur (Suarez & Prieto 2006). Treatment is recommended according to national guidelines.  Those with invasive cervical cancer are referred to a major hospital center within the third level of health care where a Gynecological Oncology Board determines the course of treatment based on national guidelines and “patient performance status” (Suarez & Prieto 2006).  Through both its public and private insurance systems, services for treatment of 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pre‐malignant lesions are widely offered and access to cancer treatment is guaranteed (IARC 2005).     An additional benefit of Chile’s organized national program is its ability to accurately estimate and track changes in cervical cancer screening rates. According to Suarez & Prieto, as a result of the CCP the coverage rate of Pap screening rose by 162% between 1990 and 2004 (2004). An evaluation in 2001 indicated that more than 80% of married women in Chile have been screened at least once (Sankaranarayanan, Budukh & Rajkumar 2001). Though reductions in cervical cancer mortality were not seen in the early years of the CCP, since its reorganization in the 1990s mortality was reduced by 53% for women 35 to 64 years (Suarez & Preito 2004). Though the programs in Chile and Colombia can be improved upon, as the only national cervical cancer screening programs in South America they can serve as a model for others to strive for.  
 
Recommendations 
Future Screening and Vaccination Programs   Given the lack of well‐organized screening programs in South America, individual countries need to commit to strengthening their cervical cancer prevention programs. It is imperative that program designs take into account the challenges that exist at the national, regional and sub‐regional levels and the feasibility and effectiveness of the various screening methods that are available.  Cervical cytology is the method most commonly utilized in South America. As 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discussed above, these programs have been largely ineffective at reducing the cervical cancer burden due to their lack of organization, opportunistic availability and exclusion of rural populations. Due to the availability of immediate results and hence ability to detect and treat disease at the same medical visit, VIA or, upon its availability, the rapid HPV test may be better‐suited approaches to ensure compliance. Additionally, though both VIA and the rapid HPV test appear attractive in terms of efficacy and cost effectiveness, data from demonstration studies in developing world settings needs to be reviewed.   Addressing the quality of screening programs will depend largely on what method of screening is chosen. With the current method of cytological screening, issues related to the quality of smear sampling, collection, preparation and interpretation have been identified in numerous program reviews (Lewis 2004). The use of VIA or HPV testing would avoid some of these issues, though external quality control systems would still need to be instituted or improved to monitor the effectiveness and consistency of screening procedures.   Low screening coverage in many countries may be attributable to inappropriate target populations and how the screening programs are linked to other health services. By targeting women at higher risk for invasive cervical cancer, women over 30 years of age and those who live in rural areas and/or low socio‐economic levels (Murillo et al. 2008), and linking screening to primary care services rather than family planning/prenatal care programs, coverage can be greatly improved. 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The most promise for eradicating cervical cancer deaths is held in a comprehensive approach of cervical cancer screening and HPV vaccination. This would require the development of strategies to effectively reach adolescent girls for vaccination, a population that is not typically the focus of public health programs (“Human Papillomavirus Vaccines” 2009). More information needs to be gathered to assess the feasibility of HPV immunization programs which will be possible only with substantial subsidies (“Human Papillomavirus Vaccines” 2009). It is hoped that the GAVI Alliance and the PAHO could provide such subsidies to facilitate the purchase of HPV vaccine for those countries that qualify (“Human Papillomavirus Vaccines” 2009). With phase three trials of a second generation HPV vaccine which protects against five additional oncogenic HPV types underway, additional research studies to better clarify the type‐specific prevalence of HPV may not be the most efficient use of research efforts. What should be examined is the impact of HPV vaccination in other developing world countries where pilot programs testing the feasibility of HPV vaccine delivery are underway and their applicability to South America. Studies in Peru have already shown vaccination of girls at school to be an effective and acceptable strategy (Cervical Cancer Action Coalition 2010).  
Limitations of Study The WHO and the IARC, the most reliable and comprehensive international cancer databases compiled much of the data presented in this paper. Despite this source, the quality of cervical cancer incidence and mortality information for many South American countries is substandard and often dependent upon unreliable or 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biased national registration system data. In Methods, I highlighted the derivation methods used to estimate incidence and mortality data: The result is crude national estimates based on select subpopulations, averages from neighboring countries, and data of poor quality. HPV type distribution data are lacking for Bolivia, French Guiana, Suriname, Uruguay and Venezuela. Because screening programs need data collection and summarization capabilities, the limitation of consistent and reliable data will need to be remedied before new screening or vaccination programs can be implemented.  
Conclusions This paper establishes that data on national cervical cancer screening program participation in most of South America is limited. Through the establishment of improved surveillance systems, more public health evidence can be gathered to aid in policy formulation and program development. In order to effectively utilize technological advances in primary and secondary prevention of HPV infection and cervical cancer, public health programs need to be designed and implemented in a way that allows efficient use of resources. As the comparison of countries with and without high participation rates in organized screening programs demonstrated, organized programs such as Chile’s and Colombia’s have been associated with a greater impact on cervical cancer. Most South American countries have not advanced toward organized programs, offering opportunistic screening in urban areas through public family planning, reproductive health care facilities or private practices (Murillo et al. 2008). More research needs 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to be done on the use of VIA or the rapid HPV test as screening methods. VIA shows the potential to offer similar sensitivity to the currently utilized cytology method but with significantly lower cost, personnel training and infrastructure requirements, while also offering immediate test results. VIA screening could mean more efficient use of resources and more widespread availability of screening, making an organized program more achievable. Early trials with the rapid HPV test have shown it to have higher sensitivity than conventional cytology. Additional advantages of the rapid HPV test are less stringent test environment requirements, rapid results and the need for only basic health worker training.  Secondary prevention through screening is necessary for the already sexually active female population, however future generations could benefit greatly from primary prevention through HPV vaccination. More research on the cost effectiveness and feasibility of primary prevention through the development of national immunization programs needs to be pursued as well as examination of impact data from developing world immunization pilot programs. Moving forward, there are actions that countries of South America can take to strengthen cervical cancer prevention and control methods through a regional strategy. It would beneficial if country‐specific situational analyses were conducted, though improvements to data and surveillance systems will need to precede them. Strengthening of information systems and cancer registries through the improvement of reporting processes, data quality and data collection methods would also be constructive. This can be achieved through the utilization of adequate sample sizes, representative geographic/income/class coverage, and the verification 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and exchange of information. Countries with screening programs already in place should continue to support screening, though revision will be necessary if reductions in cervical cancer incidence and mortality are to be seen. In countries without screening programs, policymakers might consider initiating a screening program for women aged 30 and older at least once or twice in their lifetimes. In both instances, it would be most beneficial if screening occurred in conjunction with vaccination of adolescent girls and women who are not yet sexually active. Policy makers should be encouraged to seek out resources to carry out all of the above, including maximizing the use of vaccine subsidies that are available.  Resources are scarce in many South American countries. Due to the dependency of data and surveillance systems and cervical cancer prevention programs on financial resources, there would be much to gain from analysis of the economic factors that can be a limiting factor to health information systems and program effectiveness. In the short run, lack of knowledge and lack of funding must be overcome so countries will have the incentive and resources to put surveillance programs in place. Only when reliable data on burden of disease is available will countries be able to effectively and efficiently implement comprehensive cervical cancer reduction strategies. 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Table 1: Three Most Commonly Used Cervical Cancer Screening Methods 
     
Method Test Description Sensitivity Specificity Requirements 
     
Cervical 
cytology 
(Pap) 
Cervical cells are collected, 
prepared on a slide, 
stained, read and reported 
47-62% 60-95% Multiple medical 
personnel, laboratory 
infrastructure, extensive 
training and education, 
quality assurance 
     
Visual 
screening  
Referred to as visual 
inspection with acetic acid 
(VIA), direct visual 
inspection (DVI), acetic 
acid test (AAT), or 
cervicoscopy. Visual 
inspection of cervix after 
application of 3-5% acetic 
acid with the naked eye 
using a bright light. Test 
results are immediately 
available.   
29-96% 49-98% Regular and consistent 
quality assurance, short 
period of training 
 Visual inspection with 
Lugol's iodine (VILI) 
method involves visual 
inspection of the cervix 
after application of Lugol's 
iodine.  Test results are 
immediately available.   
44-92% 50-90% Regular and consistent 
quality assurance, short 
period of training 
     
HPV testing Cervical cells are collected 
and analyzed using 
polymerase chain reaction 
(PCR)-based method for 
presence of HPV DNA. 
66-100% 62-96% Multiple personnel, 
technical and 
infrastructure 
     
Source: Sankaranarayanan 2006     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Table 2: Prevalence of Cervical HPV 
Infection in South American Countries 
    
Region 
No. 
tested %* 
HPV 
types** 
    
Argentina 995 20.1 16, 18 
Bolivia no data 
Brazil 5582 14.1 16, 18 
Chile 913 11.2 16, 31 
Colombia 2882 15.9 16, 18 
Ecuador*** 302  14.6   16 
French 
Guiana 
no data 
Guyana**** 1423 19.3 18 
Paraguay 91 19.8 16, 18 
Peru 4894 7.5 16, 18 
Suriname no data 
Uruguay no data 
Venezuela no data 
    
*HPV prevalence in women with normal 
cytology 
**two most prevalent types detected in 
cervical cancer 
***16 most prevalent, 52/58/59 all second 
in prevalence 
****18 most prevalent, 16/31/39 all 
second in prevalence 
 
Sources: Castellasgue et al. 2007; Brown et al. 2008; 
Kightlinger et al. 2010 
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Table 3: Cervical Cancer Screening 
     
Country Screening Method Program Participation Rate Assessment Method 
     
Argentina Pap (Murillo et al. 2008) organized at provincial level, screening offered to 
women 35-64 years every three years (IARC 
2005) 
(Buenos Aires) 33.6% had undergone Pap testing during 
year preceding survey, 35.8% during past 2 years, 17.4% 
more than 3 years earlier, 13.2% had never had Pap test 
(Eluf-Neto & Nascimento 2001)                                                                                                   
(National) 51.6% for women >18 during past 2 years 
(Murillo et al. 2008) 
survey of women voluntarily 
enrolled in breast cancer 
screening program 
(Sankaranarayanan, Budukh &
Rajkumar 2001) and national 
survey (Cervical Cancer Action 
Coalition 2010) 
Brazil Pap (Murillo et al. 2008) large, national program offers free screening to 
women 25-59 years every three years since 1998 
(Murillo et al. 2008) 
(Sao Paulo) 41.3% had undergone Pap testing during year 
preceding survey, 60.8% during past 3 years, 68.9% at 
least once during their lives (Eluf-Neto & Nascimento 2001)                                                                          
(National) ranging from 64.8% to 68.7% during past 3 
years (Murillo et al. 2008) 
probability sampling 
(Sankaranarayanan, Budukh & 
Rajkumar 2001) and national 
survey (Cervical Cancer Action 
Coalition 2010) 
Bolivia Pap (Bingham et al. 
2003) 
screening free to women 25 to 49 years every 
three years in government facilities since 1988, 
reorganized in 1998 (Bingham et al. 2003; Murillo 
et al. 2008) 
  
Chile Pap (Suarez & Prieto 
2006) 
organized national screening program offers 
screening to women 25-64 years every three 
years since 1987, reorganized in 1994, under 
central supervision of Ministry of Health (Murillo 
et al. 2008; Suarez & Prieto 2006; Arrossi et al. 
2008; Roa et al. 2009) 
(Public Health System) 67% of women 35-64 years, 68% 
of women 25-64 years (screening interval not specified) 
(Suarez & Prieto 2006)                                                                         
(National) ranging from 51.4% for women >15 years to 
66.0% for women 25-64 years during past 3 years (Murillo 
et al. 2008) 
not specified (Suarez & Prieto 
2006) and national survey 
(Murillo et al. 2008) 
Colombia Pap (Murillo et al. 2008) women 25-69 years screened every three years 
since 1991, reorganized in 2000 (Murillo et al. 
2008) 
(National) 50.6% of women 25-69 years during past year 
(Murillo et al. 2008) 
national survey (Murillo et al. 
2008) 
Ecuador Pap (Agurto et al. 2004) screening provided by NGO is free, but limited to 
women living in and around Quito, recent efforts 
to extend coverage to women 35-59 years every 
five years   (Agurto et al. 2004; IARC 2005) 
(National) 31.0% of women 15-49 years screened during 
past 2 years (Murillo et al. 2008) 
national survey (Murillo et al. 
2008) 
French Guiana no organized program   
Guyana  no organized program   
Paraguay Pap (Murillo et al. 2008) women 25-69 years screened at health care 
centers and hospitals every three years since 
2002 (Murillo et al. 2008) 
(National) 73.2% of women 15-44 years during past 2 
years and 45.4% of women 18-69 years during past 3 
years (Murillo et al. 2008) 
national survey (Murillo et al. 
2008) 
Peru VIA with Pap (Murillo et 
al. 2008; Bingham et al. 
2003) 
national plan with mobile campaigns offer 
screening to women 30-49 years every three 
years since 1998 (reported by IARC to include 
women 25-59 every two years) (Murillo et al. 
2008; Bingham et al. 2003; Paz Soldan et al. 
2008) 
(Urban) ranges from 7-42.9% in certain Peruvian cities 
(screening interval not specified) (Paz Soldan et al. 2008) 
(National) 22.7% for women 15-49 years during past year 
(Murillo et al. 2008) 
survey as part of STI prevention 
trial (Paz Soldan et al. 2008) and 
national survey (Murillo et al. 
2008) 
Suriname  no organized program   
Uruguay Pap (Murillo et al. 2008) opportunistic screening offered by appointment 
since 1994 (Murillo et al. 2008) 
(National) 55.2% for women 18-69 years during past 3 
years (Murillo et al. 2008) 
national survey (Murillo et al. 
2008) 
Venezuela Pap (Murillo et al. 2008; 
Ferlay et al, 2008) 
screening is free to women 25-64 years every 
three years since 1996 (Murillo et al. 2008; 
Agurto et al. 2004) 
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Table 4: Incidence and Mortality of Cervical Cancer in South America  
vs. Other Geographic Regions 
       
Region 
Annual # 
cases 
Annual # 
deaths 
Crude incidence 
rate 
ASR 
incidence* 
Crude mortality 
rate 
ASR 
mortality* 
       
World** 529828 275128 15.8 15.3 8.2 7.8 
Developing regions 453321 241969 16.7 17.8 8.9 9.8 
Developed regions 76507 33159 12.1 9.0 5.2 3.2 
South America 47881 21836 24.6 24.1 11.2 10.8 
Argentina 3996 1809 19.7 17.5 8.9 7.4 
Bolivia 1422 638 29.3 36.4 13.1 16.7 
Brazil 24562 11055 25.2 24.5 11.4 10.9 
Chile 1478 721 17.4 14.4 8.5 6.6 
Colombia 4736 2154 20.7 21.5 9.4 10.0 
Ecuador 1666 832 24.8 27.1 12.4 13.3 
French Guiana 27 10 24.5 29.1 9.1 11.7 
Guyana 161 74 43.3 44.7 19.9 20.5 
Paraguay 864 407 28.0 35.0 13.2 16.6 
Peru 4446 2098 30.9 34.5 14.6 16.3 
Suriname 66 27 25.7 27.2 10.5 11.1 
Uruguay 348 159 20.1 16.5 9.2 6.8 
Venezuela 4116 1853 29.4 31.4 13.2 14.4 
       
*ASR: Age-standardized rate, per 100,000 women per year 
**All countries combined     
Source: IARC, GLOBOCAN 2008      
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Table 5: Ranking of Cervical Cancer Incidence and Mortality                                                                             
to Other Cancers in South America* vs. Other Geographic Regions 
 
 Incidence Mortality 
Region All women Women 15-44 years All women Women 15-44 years 
     
World 3rd 2nd 4th 2nd 
Developing regions 2nd 2nd 2nd 2nd 
Developed regions 10th 3rd 10th 2nd 
South America 2nd 2nd 2nd 1st 
Argentina 3rd 2nd 5th 2nd 
Bolivia 1st 1st 1st 1st 
Brazil 2nd 2nd 2nd 1st 
Chile 3rd 2nd 6th 1st 
Colombia 2nd 1st 1st 1st 
Ecuador 2nd 1st 2nd 1st 
French Guiana 2nd 1st 2nd 1st 
Guyana 1st 1st 1st 1st 
Paraguay 2nd 1st 1st 1st 
Peru 1st 1st 2nd 1st 
Suriname 2nd 2nd 2nd 1st 
Uruguay 3rd 2nd 6th 2nd 
Venezuela 2nd 1st 1st 1st 
 
*Ranking is based on crude incidence and 
mortality rates    
Source: IARC, GLOBOCAN 2008    
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Terminology 
 
Age­standardized rate  A summary measure of a rate that a population would have if it had a standard age structure.  Standardization is necessary when comparing several populations that differ with respect to age because age has such a powerful influence on the risk of cancer.  The most frequently used standard population is the World standard population.  The calculated incidence or mortality rates are then called the World Standardized incidence and mortality rate.  It is also expressed per 100,000. Source: Ferlay et al. 2008 
Cervical Cancer  If the high‐grade precancerous cells invade deeper tissues of the cervix or to other tissues or organs, then the disease is called invasive cervical cancer or cervical cancer.   Source: Ferlay et al. 2008 
Crude rate  Crude rate is calculated simply by dividing the number of new cancers or number of new cancer deaths observed during a given time period by the corresponding number of people in the population at risk.  The result is usually expressed as an annual rate per 100,000 persons at risk. Source: Ferlay et al. 2008 
High­grade lesions  High‐grade cervical cancer lesions are defined by a large number of precancerous cells on the surface of the cervix that are distinctly different from normal cells. They have the potential to become cancerous cells and invade deeper tissues of the cervix.  These lesions may be referred to as moderate or severe dysplasia, high‐grade squamous intraepithelial lesions (HSIL), cervical intraepithelial neoplasia grade 2 or 3 (CIN‐2 or CIN‐3), or cervical carcinoma in situ (CIS). Source: Castellsague et al. 2007 
Human Papillomavirus  A global body of evidence confirms that certain genetic types of Human Papillomaviruses (HPV) play a necessary etiological role in cervical carcinogenesis.  In addition to HPV‐16 and HPV‐18, recent international studies have expanded the list of oncogenic viruses to include types 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68.  Globally, the prevalence of HPV in cervical carcinomas has been recorded at 99.7 percent, and oncogenic types 16 and 18 are the most frequently detected. Source: Lewis 2004 
HPV prevalence  The proportion of subjects who tested HPV‐positive according to an HPV DNA test. HPV prevalence is computed among different pre‐defined groups such as women with normal cytology, women with low‐grade lesions, women with high‐grade lesions, or women with invasive cervical cancer. Source: Castellsague et al. 2007   
Incidence  Incidence is the number of new cases arising in a given period in a specified population. This information is collected routinely by cancer registries. It can be expressed as an absolute number of cases per year or as a rate per 100,000 persons per year.  The latter provides an approximation to the average risk of developing a cancer. Source: Ferlay et al. 2008 
Low­grade lesions  Low‐grade cervical lesions are defined by early changes in size, shape and number of abnormal cells formed on the 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surface of the cervix and may be referred to as mild dysplasia, low‐grade squamous intraepithelial lesions (LSIL), or cervical intraepithelial neoplasia grade 1 (CIN‐1). Source: Castellsague et al. 2007 
Mortality  Mortality is the number of deaths occurring in a given period in a specified population.  It can be expressed as an absolute number of death per year or as a rate per 100,000 persons per year. Source: Ferlay et al. 2008 
Ranking of cervical cancer  Cervical cancer is ranked in comparison to other cancers in women in each country according to the highest crude rates of incidence and mortality (i.e. 1st ranking the highest) Source: Castellsague et al. 2007 
Reproducibility  The ability of the result of a screening test to be accurately reproduced with the same method on identical test material but under different conditions.  
Sensitivity  The proportion of true positives that are correctly identified by a screening test. 
Specificity  The proportion of true negatives that are correctly identified by a screening test. 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